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We addressed the role of nocturnal singing in the diurnal field sparrow, Spizella pusilla. We were particularly interested in whether nocturnal song is used to repel intruders (intrasexual function) and/or to attract females seeking extrapair copulations (intersexual function). First, we used autonomous acoustic recording units (ARUs) and an automated detection and classification system to examine the associations of singing behaviour of mated field sparrows with social factors (fertility stage, presence of neighbour song and presence of intruder song). Second, using an automated radiotelemetry system (ARTS), autonomous acoustic recording units (ARUs) and automated playback systems, we conducted a nocturnal playback experiment to explore how mated male and female field sparrows respond to nocturnal songs at night and across prefertile, fertile and postfertile stages. We found that neighbours and intruder males tended to sing complex songs on the same nights when focal males sang. While not all focal males sang at night, all male birds (resident males, neighbours and intruders) that sang tended to sing according to the fertility periods of the resident male's female. Our playback experiment demonstrated that, although field sparrows usually slept and were inactive at night, they moved in response to nocturnal field sparrow songs more than to control stimuli (other species vocalizations). Interestingly, we found that males did not respond by singing or countersinging to field sparrow nocturnal songs (simulated intrusions). We also demonstrated that male activity responses were similar during the prefertile and postfertile stages, while females responded more during the prefertile and fertile stages than during the postfertile stage. Consequently, the nocturnal song in the field sparrow appears to play a role in extrapair mate attraction (intersexual function) more than in repelling intruders (intrasexual function). While nocturnal singing is an infrequent behaviour of most diurnal birds, it may be important in the mating system of these birds. © 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Nocturnal vocalizations are typically considered a characteristic exclusive to nocturnal birds. Nevertheless, recent evidence has shown that many diurnal birds also sing at night (Barclay, Leonard, & Friesen, 1985; Lougheed & Handford, 1989; Perrault, Lobert, Ehnes, & Foote, 2013) . Studies suggest that singing at night may serve similar functions as diurnal song, such as attracting females (Amrhein, Korner, & Naguib, 2002; Roth, Sprau, Schmidt, Naguib, & Amrhein, 2009; Tyler & Green, 1996) and/or repelling intruder males (Luschi & del Seppia, 1996; Naguib, 1999) . Although these explanations are reasonable, they are based on a small subset of diurnal species with regular and well-developed nocturnal singing habits (corncrake, Crex crex: Tyler & Green, 1996; nightingale, Luscinia megarhynchos: Amrhein et al., 2002) and do not consider the many diurnal species that sing occasionally or rarely at night.
In a review of nocturnal singing in North American diurnal birds, La (2012) reported that out of 126 species included in the analysis, 52% were classified as regular nocturnal singers (singing 'frequently' and 'continuously'), 27% as occasional singers (sing infrequently) and 20% as rare singers (species that 'can' or 'may' sing at night). For the species that regularly sing at night, nocturnal singing might provide information regarding their location, identity, and potentially individual quality, supporting the hypotheses of mate attraction and/or repulsion of male intruders. However, for the species
